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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for industrially, economically and 
advantageously manufacturing a different kind metal element-containing 
lithium/manganese compound oxide having excellent cycle property and high 



charge/discharge capacity suitable for a lithium battery. 

SOLUTION: The different kind metal element-containing lithium/manganese compound 
oxide containing a metal element uniformly and having excellent crystallinity is 
manufactured by incorporating at least one kind of a metal element selected from the 
group consisting of Fe, Cr, CO, Ni, Al, Mg, Ca, Zn, V, Nb, Mo, Ti, Zr, Ga and In in a 
lithium.manganese compound oxide precursor and firing it by heating. 
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[Claim(s)] 

[Claim 1] The manufacture method of the dissimilar-metal element content lithium 
manganese multiple oxide characterized by carrying out heating baking of the lithium 
manganese multiple-oxide precursor which made at least one sort of metallic elements 
chosen from the group which consists of Fe, Cr, Co, nickel, aluminum, Mg, calcium, Zn, 
V, Nb, Mo, Ti, Zr, Ga, and In contain. 

[Claim 2] The lithium manganese multiple-oxide precursor which made this metallic 
element contain (1) manganic-acid ghost, The process which at least one sort and lithium 
compound which are chosen from the group which consists of an acid, a manganic acid 
ghost made to react, and manganic acid are made to react, and obtains a lithium 
manganese multiple-oxide precursor, (2) The manufacture method of the dissimilar-metal 
element content lithium manganese multiple oxide according to claim 1 characterized by 
being obtained according to the process which makes a lithium manganese multiple- 
oxide precursor contain this metallic element. 



[Claim 3] The manufacture method of the dissimilar-metal element content lithium 
manganese multiple oxide according to claim 1 characterized by being obtained 
according to the process which makes at least one sort chosen from the group which the 
lithium manganese multiple-oxide precursor which made this metallic element contain 
becomes from (1) manganic-acid ghost, an acid, the manganic acid ghost made to react, 
and manganic acid contain this metallic element, and (2) lithium compounds and the 
process made to react. 

[Claim 4] In the 2nd process according to claim 2 under existence of a lithium manganese 
multiple-oxide precursor (a) by making the compound and (b) basic compound 
containing at least one sort of metallic elements chosen from the group which consists of 
Fe, Cr, Co, nickel, aluminum, Mg, calcium, Zn, V, Nb, Mo, Ti, Zr, Ga, and In react The 
manufacture method of the dissimilar-metal element content lithium manganese multiple 
oxide characterized by making this metallic element contain. 

[Claim 5] Under the existence of at least a kind chosen from the group which consists of 
a manganic acid ghost, an acid, a manganic acid ghost made to react, and manganic acid 
in the 1st process according to claim 3 (a) by making the compound and (b) basic 
compound containing at least one sort of metallic elements chosen from the group which 
consists of Fe, Cr, Co, nickel, aluminum, Mg, calcium, Zn, V, Nb, Mo, Ti, Zr, Ga, and In 
react The manufacture method of the dissimilar-metal element content lithium manganese 
multiple oxide characterized by making this metallic element contain. 
[Claim 6] The manufacture method of the dissimilar-metal element content lithium 
manganese multiple oxide according to claim 4 or 5 characterized by this metallic 
element containing as at least one sort of an oxide, a hydration oxide, and a hydroxide. 
[Claim 7] The manufacture method of the dissimilar-metal element content lithium 
manganese multiple oxide according to claim 4 or 5 characterized by a basic compound 
being a lithium compound. 

[Claim 8] The manufacture method of the dissimilar-metal element content lithium 
manganese multiple oxide according to claim 2 or 3 characterized by being obtained 
according to the process from which a manganic acid ghost makes (1) manganese 
compound and a basic compound react, and obtains a manganese hydroxide, and the 
process which oxidizes (2) manganese hydroxide. 

[Claim 9] Under existence of the process from which a manganic acid ghost makes (1) 
manganese compound and a basic compound react, and obtains a manganese hydroxide, 
the process which (2) manganese hydroxide is oxidized and obtains manganic acid ghost 
seed, and (3) manganic-acid ghost seed The manufacture method of the dissimilar-metal 
element content lithium manganese multiple oxide according to claim 2 or 3 
characterized by being obtained according to the process which makes it oxidize, making 
a manganese compound and a basic compound react, and carries out particle growth of 
the manganic acid ghost seed. 

[Claim 10] The manufacture method of the dissimilar-metal element content lithium 
manganese multiple oxide according to claim 1 characterized by expressing with atomic- 
ratio M/Mn and containing a dissimilar-metal element 0.01-0.4 times in a total amount 
when at least one sort of metallic elements chosen from the group which consists of Fe, 
Cr, Co, nickel, aluminum, Mg, calcium, Zn, V, Nb, Mo, Ti, Zr, Ga, and In are set to M. 
[Claim 1 1] The manufacture method of the dissimilar-metal element content lithium 
manganese multiple oxide according to claim 10 characterized by having a 0.1-50- 



micrometer mean particle diameter. 

[Claim 12] The lithium cell characterized by using a dissimilar-metal element content 
lithium manganese multiple oxide according to claim 1 as a positive active material. 



[Translation done.] 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the lithium cell 
which comes to use for the positive-electrode material of a lithium cell etc. the useful 
manufacture method of the dissimilar-metal element content lithium manganese multiple 
oxide which is a compound, and the dissimilar-metal element content lithium manganese 
multiple oxide obtained by the manufacture method. 
[0002] 

[Description of the Prior Art] It excels in a charge-and-discharge cycle property, and a 
lithium secondary battery is a high voltage, since it is lightweight and small, it has spread 
quickly in recent years, and the 4V class thing of high electromotive force is called for 
especially. Although what used the multiple oxide of cobalt or nickel, and a lithium as a 
positive active material as such a lithium secondary battery is known, cobalt and nickel 
let the exhaustion of prospective resources be a problem at an expensive price. 
[0003] The manganic acid lithium which has the spinel type crystal structure expressed 
with the chemical formula LiMn 204 which is the multiple oxide of manganese and a 
lithium is useful as a positive active material of a 4V class lithium secondary battery, and 
since it is abundant cheaply [ the manganese used as a raw material ], and in resources, it 
is promising as what is replaced with a cobalt acid lithium or a nickel acid lithium. 
[0004] The manganic acid lithium expressed with the aforementioned chemical formula 
is a stoichiometric composition, and the lithium cell using this as a positive active 
material has the geometric capacity of 148 mAh/g. However, since cell capacity will 
decrease and the life of a positive electrode will also fall if the cycle property under the 
elevated temperature of 50 degrees C or more is bad and, especially as for such a lithium 
cell, repeats charge and discharge as a rechargeable battery, the manganic acid lithium 
excellent in the cycle property is called for. 

[0005] Conventionally, in the manganic acid ghost and the lithium compound, it 
calcinates or mixture and the method of adjusting baking conditions and improving a 
cycle property so that oxygen may increase are learned so that lithiums may increase in 
number more than a stoichiometric composition. However, since the reactivity of a 
manganic acid ghost and a lithium compound is bad, if prolonged baking or mechanical 
prolonged trituration are not repeated repeatedly and it calcinates at an elevated 
temperature in order to be hard to become homogeneous composition and to raise 
reactivity, it will become a manganic acid lithium with many lattice defects from which 
oxygen was desorbed. Moreover, since uneven sintering between particles takes place at 
a heating baking process, control of the size of a particle or a configuration is difficult. 
[0006] The method of improving a cycle property is also learned for making a metallic 
element of a different kind into the lithium manganese multiple oxide made to dissolve 
during the crystal of a manganic acid lithium, to JP,7-34368,B, the compound which 



contains a divalent or trivalent metallic element as a manganic acid ghost, a lithium 
compound, and a third component is mixed, and the method of carrying out heating 
baking is indicated. However, since this method also has the bad reactivity of starting 
materials, hot and prolonged heating baking is needed, there is a problem of crystallinity 
or sintering between particles, and since sufficient quantity of a metallic element cannot 
be dissolved in a manganic acid lithium in addition and it dissolves unevenly locally, a 
desired performance is not obtained. 

[0007] The method of drying and dehydrating below 150 degrees C is indicated after 

precipitating a transition-metals compound to a manganic acid lithium by JP,10- 

1 166 15, A. Since it is not incorporated during the crystal of the manganic acid lithium of 

the thing which can make a transition-metals compound exist in the front face of a 

manganic acid lithium uniformly, this method of the improvement effect is insufficient. 

[0008] 

[Problem(s) to be Solved by the Invention] this invention was described above — the 
trouble of the conventional technology is conquered, and the suitable cycle property for a 
lithium cell is excellent, and they are industrial and the thing which offers the method of 
manufacturing advantageously economically about a dissimilar-metal element content 
lithium manganese multiple oxide with a high charge-and-discharge capacity 
[0009] When this invention persons made the lithium manganese multiple-oxide 
precursor contain the specific metallic element of a different kind which has the property 
easily replaced by the manganese ion of a precursor, or the lithium ion as a result of 
repeating research wholeheartedly and heating baking of this was carried out, it found out 
industrial and that it could manufacture advantageously economically for the dissimilar- 
metal element content lithium manganese multiple oxide of uniform composition in 
which was excellent in the cycle property not only the bottom of ordinary temperature but 
under the elevated temperature, and crystallinity was [ there are few lattice defects and ] 
excellent. 

[0010] this invention Namely, Fe, Cr, Co, nickel, aluminum, Mg, calcium, Zn, The 
manufacture method of the dissimilar-metal element content lithium manganese multiple 
oxide characterized by carrying out heating baking of the lithium manganese multiple- 
oxide precursor which made at least one sort of metallic elements chosen from the group 
which consists of V, Nb, Mo, Ti, Zr, Ga, and In contain, And it is related with the lithium 
cell which comes to use the dissimilar-metal element content lithium manganese multiple 
oxide obtained by the manufacture method. 
[0011] 

[The gestalt of invention implementation] The lithium manganese multiple-oxide 
precursor which made at least one sort of metallic elements chosen from the group which 
consists of Fe, Cr, Co, nickel, aluminum, Mg, calcium, Zn, V, Nb, Mo, Ti, Zr, Ga, and In 
first contain is made to generate in this invention. A lithium ion may be incorporated in 
the crystal structure of not the mixture of a mere manganic acid ghost and a mere lithium 
compound but a manganic acid ghost, and the lithium manganese multiple-oxide 
precursor as used in the field of this invention may be the mixture of such a precursor and 
a manganic acid lithium. Moreover, it says making the compound which contains a 
metallic element or a metallic element as making the above-mentioned metallic element 
contain on the interior or the front faces of an inclusion-ed, such as a precursor and the 
below-mentioned manganic acid ghost, exist. 



[0012] In order to compound such a dissimilar-metal element content lithium manganese 
multiple-oxide precursor, a manganic acid ghost, an acid and the manganic acid ghost 
made to react, or one sort and lithium compound of manganic acid may be made to react 
in media, such as water, a lithium manganese multiple-oxide precursor may be generated, 
and the compound containing this metallic element may be put on the front face of this 
precursor. Or after making the front face of the above-mentioned manganese system 
starting material put and contain the compound containing this metallic element, you may 
make it react in media, such as a lithium compound and water. Furthermore, in case a 
lithium manganese multiple-oxide precursor may be made to react in the compound 
containing a metallic element, and a medium, and a metal ion may be made to 
incorporate in a precursor and a precursor is compounded, the compound containing a 
metallic element may be made to exist in a medium, and may be made to react, a metal 
ion may be made to incorporate in a precursor, and there is especially no limit. 
[0013] As reaction temperature in the inside of the medium of the at least one sort and 
lithium compound which are chosen from the group which consists of a manganic acid 
ghost, an acid, a manganic acid ghost made to react, and manganic acid, 60-100 degrees 
C is 70-100 degrees C preferably. Moreover, when this reaction cannot progress easily, 
you may perform preferably 100 degrees C or more of 200 degrees C or less of 
hydrothermal processings for temperature below 180 degrees C still more preferably 
under saturated-steam pressing down or pressurization using proof-pressure containers, 
such as an autoclave. Since a reaction will progress further even if it performs this 
reaction under an ordinary pressure if oxidizers, such as air, oxygen, ozone, hydrogen 
peroxide solution, and a ** RUOKISO disulfate, are supplied, it is desirable. 
[0014] As a lithium compound used by this invention, although a lithium hydroxide, a 
lithium nitrate, a lithium carbonate, a carbonic acid hydrogen lithium, a lithium chloride, 
lithium sulfate, etc. are mentioned, since a basic compound like a lithium hydroxide is 
excellent in reactivity especially, it is desirable. 

[0015] Since the reaction with a lithium compound or a metallic element of a different 
kind is easy for manganic acid, such as an acid, a manganic acid ghost made to react or 
H2Mn04, and H2Mn03 (manganous acid), it is desirable to use this in this invention. 
Although the reason is not clear, a hydrogen ion has activity and manganic acid is 
conjectured to be what is easy to be exchanged for other cations. Moreover, a part of 
manganese ion in the crystal structure of a manganic acid ghost is replaced by the 
hydrogen ion, and since the replaced hydrogen ion is activity, an acid and the manganic 
acid ghost made to react are conjectured to be a thing with high convertibility with other 
cations like manganic acid. 

[0016] As a manganic acid ghost and an acid made to react, although there is especially 
no limit, since it can carry out advantageously industrially if it is desirable since the effect 
is large, and it is a sulfuric acid or a hydrochloric acid, organic acids of an inorganic acid, 
such as inorganic acids, such as a hydrochloric acid, a sulfuric acid, a nitric acid, and 
fluoric acid, an acetic acid, and a formic acid, etc. are still more desirable. As for the 
concentration of the acid to add, considering as 0.05 - the decanormal is desirable, and 
since a low and a required addition increase more than the above-mentioned range and 
slurry concentration also falls, the concentration of an acid is not industrial. Moreover, 
since it will become easy to decompose a manganic acid ghost if acid concentration is 
high, it is not desirable. 



[0017] As a manganic acid ghost or an acid, and a manganic acid ghost made to react, 4 
oxidization 3 manganese, manganese dioxide, a manganic oxide, a manganese monoxide, 
etc. can be used, manganese hydroxide and water manganese oxide may be oxidized, and 
these manganic acid ghosts may be compounded. Moreover, in a spinel type, a rutile 
type, a scandium-oxide type, etc., especially a limit does not have the crystal structure of 
a manganic acid ghost, either. However, if it has the crystal structure which makes a 
spinel type a subject, since the cell property is excellent as a positive-electrode material, 
as for the target lithium manganese multiple oxide, it is desirable that a manganic acid 
ghost also uses a spinel type thing. 4 oxidization 3 manganese is mentioned as such a 
manganic acid ghost. 

[0018] In this invention, after making a manganese compound and a basic compound 
react in media, such as water, as a manganic acid ghost and compounding a manganese 
hydroxide, especially since a particle diameter and particle size distribution are uniform, 
it is desirable to use what oxidized this, furthermore, if particle growth of the manganic 
acid ghost is carried out for this manganic acid ghost in a medium as seed (the thing of 
**** and seed crystal — it is called seed below), the thing of a large particle diameter is 
compoundable, and since control of a particle diameter or a particle shape is also easy, it 
is more desirable As a manganese compound, a manganese sulfate, a manganese 
chloride, manganese nitrate, manganese acetate, manganese carbonate, etc. can use a 
sodium hydroxide, a potassium hydroxide, a lithium hydroxide, ammonia gas, aqueous 
ammonia's, etc. as a basic compound. 

[0019] If make the compound containing a metallic element exist and it is made to react, 
and a manganic acid ghost is made to contain a metallic element and this and a lithium 
compound are made to react in a medium in case a manganese hydroxide, a manganic 
acid ghost, or manganic acid ghost seed is compounded by the above-mentioned method, 
or in case particle growth of the below-mentioned manganic acid ghost seed is carried 
out, the lithium manganese multiple-oxide precursor which made the metallic element 
used by this invention contain will be obtained. Moreover, after making the compound 
which considers as seed the manganic acid ghost which put the compound containing a 
metallic element on the front face, and is made to carry out particle growth of this by the 
same method, or includes manganic acid ghost seed for a metallic element after particle 
growth put on a front face, it may be made to react with a lithium compound, and you 
may obtain the lithium manganese multiple-oxide precursor which made the metallic 
element contain. Furthermore, the manganic acid ghost which made the metallic element 
obtained by the method described above contain may make it react with a lithium 
compound, after making it react with an acid beforehand in order to raise reactivity with a 
lithium compound. 

[0020] Composition of the manganic acid ghost by the manufacture method, i.e., the 
seeding method, of carrying out particle growth of the manganic acid ghost in a medium 
by considering said manganic acid ghost as seed Under existence of the 1st process which 
a manganese compound and a basic compound are made to react in a medium, and 
obtains a manganese hydroxide, the 2nd process which this manganese hydroxide is 
oxidized and obtains manganic acid ghost seed, and this manganic acid ghost seed The 
3rd process which makes it oxidize, making a manganese compound and a basic 
compound react in a medium, and carries out particle growth of the manganic acid ghost 
seed can perform. In the 1st process, if a manganese compound and a basic compound are 



made to react and partial neutralization is carried out, since manganic acid ghost seed can 
be grown up greatly, it is advantageous, the concentration of the manganese ion which 
remains in a medium after partial neutralization in order for especially a particle diameter 
to obtain a large manganic acid ghost -- 5-60 (g/1) - partial neutralization is carried out so 
that it may be preferably set to 10-40 (g/1) 

[0021] Technique in which it is various when making the compound containing a 
metallic element contain is used. Fe made into an inclusion-ed and the purposes, such as 
a lithium manganese multiple-oxide precursor and a manganic acid ghost It can also dry, 
after mixing the compound containing at least one sort of metallic elements chosen from 
the group which consists of Cr, Co, nickel, aluminum, Mg, calcium, Zn, V, Nb, Mo, Ti, 
Zr, Ga, and In by dry type or mixing these in a medium. Or an inclusion-ed may be made 
to suspend in media, such as water, the salt of the above-mentioned metal and a basic 
compound may be made to react in this slurry, and a poorly soluble deposit layer may be 
made to form in the front face of an inclusion-ed. Since the compound containing a 
metallic element is put as a uniform layer, a part of metallic element is incorporated 
inside an inclusion-ed in this stage the yield is not only also good, but and this method 
raises the reactivity in a heating baking process, it is desirable. 

[0022] For example, in order to perform covering processing in a drainage system slurry, 
the water-soluble compound containing a metallic element, its solution or the solution 
that dissolved the thing of difficulty water solubility with acidity or the basic compound, 
and a basic compound can be made to be able to add and react to a slurry, and the front 
face of an inclusion-ed can be covered as poorly soluble deposit layers, such as an oxide 
of the aforementioned metallic element, a hydration oxide, or a hydroxide, the addition 
sequence of metal salting-in liquid and a basic compound - or although it can be suitably 
chosen by the reaction condition whether these are added simultaneously, it is desirable 
beforehand by the basic compound 0.001-2.0 (a mol/1), and to make it preferably 0.01-1.0 
(a mol/1), to add metallic compounds, and to make the free hydroxyl-group concentration 
in a slurry react As reaction temperature, 25-95 degrees C is 25-75 degrees C preferably. 
[0023] As metallic compounds, the sulfate of these metals, a nitrate, acetate, a carbonate, 
a chloride, an oxide, a hydroxide, etc. can be used. There is no limit in a basic compound 
and ammonium compounds, such as an alkali metal compound, and ammonia, an 
ammonium carbonate, an ammonium sulfate, ammonium nitrates, such as a hydroxide 
and a carbonate, may be used. Although it decomposes, and it vaporizes and does not 
remain at the time of baking, since an ammonium compound will not turn into an 
impurity even if it remains to the lithium manganese multiple oxide of an end product if a 
lithium compound like especially a lithium hydroxide is used, it is desirable. 
[0024] Heating baking of the lithium manganese multiple-oxide precursor which made 
the aforementioned specific metallic element obtained as mentioned above contain is 
carried out, and a dissimilar-metal element content lithium manganese multiple oxide is 
manufactured. Even if comparatively abundant, a metallic element can be made the thing 
of uniform composition is not only comparatively to obtain by baking of the degree of 
low temperature, but [ since the reactivity of lithium manganese multiple-oxide 
precursors and these metallic elements is good, a metallic element replaces by manganese 
ion or the lithium ion by heating baking and it is easily incorporated in a precursor, ] to 
dissolve during the crystal of a manganic acid lithium in this invention. The dissimilar- 
metal element content lithium manganese multiple oxide after heating baking may 



respond to sintering or a state of aggregation, and may be ground or ****(ed) suitably. 
[0025] In general, 400 degrees C or more, in order to prevent sintering, it is desirable to 
carry out below 850 degrees C, and it is [ that what is necessary is just more than the 
temperature in which a dissimilar-metal element content lithium manganese multiple- 
oxide precursor carries out a phase change to a dissimilar-metal element content lithium 
manganese multiple oxide ] still more desirable [ it is 500 degrees C or more preferably 
and ], although it changes as a heating burning temperature with composition of a 
dissimilar-metal element content lithium manganese multiple-oxide precursor, grain size, 
firing environmentses, etc. to consider as 500 degrees C or more 800 degrees C or less. If 
firing environmentses are oxygen content atmosphere, such as inside of the atmosphere, 
there is especially no limit and oxygen tension can be set up suitably. 
[0026] The dissimilar-metal element content lithium manganese multiple oxide obtained 
by the method of this invention It is the compound expressed with general formula 
Lil+xMyMn2-x-y04. x in a formula and the value of y express with (l+x)/(2-x-y). Those 
with a constituent with the desirable range of 0.3-1 .5, Even if what has the spinel type 
crystal structure especially expressed with a general formula LiMn 204, Li4 / 3Mn5 / 
304, etc. is desirable and is the single phase of a lithium manganese multiple oxide, you 
may be the mixture of a lithium manganese multiple oxide and a manganic acid ghost. 
[0027] Moreover, the dissimilar-metal element content lithium manganese multiple oxide 
obtained by this invention contains at least one sort of metallic elements chosen from the 
group which consists of Fe, Cr, Co, nickel, aluminum, Mg, calcium, Zn, V, Nb, Mo, Ti, 
Zr, Ga, and In. As mentioned above, since the reactivity of the compound and lithium 
manganese multiple-oxide precursor containing these metallic elements is excellent, even 
if there are comparatively many throughputs, that to which most metallic elements are 
dissolving during the crystal of a manganic acid lithium is conjectured, and the 
improvement effect under an elevated temperature is a cycle property especially is high. 
Moreover, crystallinity is excellent, and since composition is also uniform, the lithium 
cell using this is excellent in many cell properties, such as initial service capacity. For 
example, after putting the compound which contains these metallic elements in a 
manganic acid ghost, even if it mixes with a lithium compound and carries out heating 
baking, the thing of uniform composition is not obtained like this invention. 
[0028] When the aforementioned metallic element is set to M, the content is expressed 
with a M/Mn atomic ratio, and contains a dissimilar metal 0.01-0.4 times in a total 
amount. If there are few contents of a metallic element than this range, a desired charge- 
and-discharge cycle property will not be acquired, but if many, charge-and-discharge 
capacity will fall. Therefore, a metallic element content expresses with a M/Mn atomic 
ratio for using for the so-called lithium cell whose charge and discharge potential is about 
3. 5-4.5 V and which is 4V class, it is desirable that it is 0.025-0.15, when charge and 
discharge potential is 5V class before and behind 5V, a metallic element content 
expresses with a M/Mn atomic ratio, and it is desirable that it is 0.1-0.4. 
[0029] For every charge and discharge, a lithium ion ****s, and is inserted from a 
positive/negative pole active material, and it is said to be for decay of a crystal to 
progress in connection with a grid crystal contracting and expanding that the cell capacity 
of a lithium cell will generally fall if charge and discharge are repeated. Moreover, the 
manganic acid lithium usually contains trivalent and tetravalent manganese, for example, 
trivalent and tetravalence are in the manganic acid lithium of a stoichiometric 



composition by this ******. It has the instability originally called Jahn Teller effect, and 
this trivalent manganese gets down from it, and the crystal structure destabilizes, so that 
there is much trivalent manganese, and the bird clapper is said to be one of the causes that 
decay tends to progress. 

[0030] Although the aforementioned metallic compounds are not necessarily clear about 
the reason for taking effect, in the lithium manganese multiple oxide of composition by 
which the metallic element of a different kind was incorporated, the lattice constant of a 
crystal becomes small, the lattice constant of a crystal from which the lithium was 
desorbed is approached, and it is surmised that it is because the range of fluctuation of the 
grid volume by desorption of a lithium ion and insertion is mitigated. Or if a metallic 
element of a different kind like this invention is made to dissolve, it will replace by 
trivalent manganese, the content will be reduced, and it will be surmised whether the Jahn 
Teller effect is mitigated. 

[0031] Furthermore, the dissimilar-metal element content lithium manganese multiple 
oxide obtained by this invention has particle size distribution and a uniform particle 
shape, and crystallinity is [ there are few lattice defects, and ] excellent, and it is 
homogeneous composition. Especially the thing using the manganic acid ghost 
compounded by said seeding method is the dissimilar-metal element content lithium 
manganese multiple oxide of the large drop child whose mean particle diameter is 0.1-50 
micrometers. Since the dissimilar-metal element content lithium manganese multiple 
oxide with a large particle diameter is excellent in restoration nature and a Plastic solid 
and a paste can be filled up with it so much as a positive active material, the lithium cell 
using this has a high energy density. Moreover, since it is necessary to make it sinter by 
heating baking since this grows up a desired large drop child in the synthetic stage of a 
manganic acid ghost, and it does not need to carry out particle growth, it serves as a 
uniform particle. If a particle diameter is smaller than the above-mentioned range, desired 
restoration nature will not be obtained, and if the cycle property of the lithium cell using 
this is bad and it is large, many properties considered as a request at a lithium cell will 
not be acquired. In addition, a mean particle diameter here is measured by the laser 
scattering-about method. 

[0032] Next, this invention is a lithium cell which comes to use the above-mentioned 
dissimilar-metal element content lithium manganese multiple oxide as a positive active 
material. The lithium cell as used in the field of this invention means the primary cell 
which used the lithium metal for the negative electrode and the rechargeable battery 
which used the lithium metal for the negative electrode and which can be charged, and 
the rechargeable lithium-ion battery which used the carbon material, the tin compound, 
the lithium titanate, etc. for the negative electrode and which can be charged, since there 
are few lattice defects, the dissimilar-metal element content lithium manganese multiple 
oxide of this invention is excellent in crystallinity and specific metallic compounds of a 
different kind are contained uniformly - this especially — RICHIUMUNI - as a 
positive active material of degree cell, at the time of charge and discharge, decay of a 
crystal cannot take place easily and it becomes the thing excellent also in the cell 
property with **** Furthermore, if what has the crystal structure which makes a spinel 
type a subject is used, the 5V class positive active material which it is before and after 5V 
is obtained by 3V class in which charge and discharge are possible, and 4V class whose it 
is about 3.5-4.5V and a pan in an about [ 2-3.5V ] potential field, and it is useful to a 4V 



class thing especially. 

[0033] When making it into coin type cells, to the lithium manganese multiple-oxide fine 
particles of this invention, the positive electrode for lithium cells can add and knead 
them, can cast them, and it can obtain binders, such as carbon system electric conduction 
agents, such as acetylene black, and carbon, graphite powder, a polytetrafluoroethylene 
resin, and a poly vinylidene fluoride resin. Furthermore, when carrying out to cylindrical 
or square shape cells, organic solvents, such as N-methyl pyrrolidone, are also added and 
kneaded to the lithium manganese multiple-oxide fine particles of this invention in 
addition to these additives, and it considers as the shape of a paste, and it can apply on a 
metal charge collector like an aluminum foil, and can dry and obtain. 
[0034] It is electrochemically stable to the electrolytic solution of a lithium cell, namely, 
what dissolved the lithium ion in the polar organic solvent which is not oxidized and 
returned in the latus range can be used for it from the potential range which operates as a 
lithium ion battery. As a polar organic solvent, propylene carbonate, ethylene carbonate, 
diethyl carbonate, dimethoxyethane, a tetrahydrofiiran, gamma-butyl lactone, etc. and 
those mixed liquor can be used. A lithium perchlorate, a 6 fluoride [ phosphoric-acid ] 
lithium, a 4 boron-fluoride acid lithium, etc. can be used for the solute used as the source 
of a lithium ion. Moreover, a porous polypropylene film and a porous polyethylene film 
are arranged as separator inter-electrode. 

[0035] As a kind of cell, separator is placed between a pellet-like positive electrode and a 
negative electrode, it is stuck to the sealed can which the gasket made from 
polypropylene attached by pressure, and the electrolytic solution is poured in, coin type 
the thing, positive-electrode material, and negative-electrode material which were sealed 
are applied on a metal charge collector, and it rolls round on both sides of separator, and 
it inserts in the cell can which the gasket attached, and the cylindrical thing which poured 
in and enclosed the electrolytic solution is mentioned. Moreover, there is also a cell of the 
trilateral formula aiming at measuring especially an electrochemistry property. This cell 
evaluates the electrochemical property of each electrode by also arranging a reference 
pole in addition to a positive electrode and a negative electrode, and controlling the 
potential of other electrodes to a reference pole. 

[0036] the performance as a positive-electrode material of a dissimilar-metal element 
content lithium manganese multiple oxide a negative electrode - a metal lithium etc. - 
using - NI - the capacity can be measured by constituting degree cell and carrying out 
the charge and discharge of the suitable voltage range by the constant current Moreover, 
by repeating charge and discharge, the quality of the cycle property can be judged from 
change of capacity. 
[0037] 

[Example] Although the example of this invention is shown below, this invention is not 
limited to these examples. 

The sodium-hydroxide solution 1.305 (1) of composition 8.37 (a mol/1) of an example 11. 
manganese hydroxide and water 0.883 (1) were taught to the reaction container made 
from stainless steel. Stirring the solution which dissolved 1.873kg (it contains 88.06% as 
MnS04) of manganese sulfates in 7.500kg water while blowing nitrogen gas by 5 (a part 
for 1./) into this, it added quickly and neutralized at 70 degrees C. Then, it riped at 70 
degrees C for 3 hours, and the hydroxide of manganese was obtained. The concentration 
of the manganese ion which remains in the solution after neutralization was 30 (g/1). 



[0038] 2. when air was blown by 5 (a part for 1./), it oxidized at the temperature of 70 
degrees C and pH was set to 6.4, stirring the solution containing manganic acid ghost 
seed's synthetic profit **** manganese hydroxide, oxidization was terminated, and 
manganic acid ghost seed was obtained 

[0039] 3. Keep Solution Including Manganic Acid Ghost Seed of Growth above of 
Manganic Acid Ghost Seed at 70 Degrees C. Blowing the mixed gas of air / nitrogen 
=1/1 by 5 (a part for If) under stirring, after adding the solution which dissolved 5.618kg 
(it contains 88.06% as MnS04) of manganese sulfates in 21.28kg of water Over 64 
hours, it neutralized, the sodium hydroxide 9.133 (1) of 8.37 (a mol/1) was added and 
oxidized, and manganic acid ghost seed was grown up. When pH was set to 8.0, growth 
reaction was ended and rinsed [ filtered and ] and the manganic acid ghost was obtained. 
[0040] 4. The slurry which made water distribute the reaction manganic acid ghost 
(2400g of Mn conversions) of a manganic acid ghost and an acid was taught to the 
reaction container made from stainless steel, and the temperature up was carried out to 60 
degrees C. It added stirring in this slurry having covered [ of one (a mol/1) / 6.99 ] it for 1 
hour (1), after making it react after that for 2 hours, filtration rinsing was carried out, and 
the acid and the manganic acid ghost made to react were obtained. 
[0041] 5. After adding 5.373 mols of lithium-hydroxide monohydrates to the slurry which 
made water distribute the synthetic acid of a lithium manganese multiple-oxide precursor, 
and the manganic acid ghost (500g of Mn conversions) made to react and making it 
dissolve in it, water was added, and it was made 1.1 1 1 (1) and taught the glass reaction 
container. After carrying out the temperature up to 90 degrees C and making it react for 
10 hours, having blown air into this slurry and stirring it by 2 (a part for 1./), temperature 
was cooled to 60 degrees C and the slurry containing a lithium manganese multiple-oxide 
precursor was obtained. It dried, after it isolated preparatively and filtered the above- 
mentioned slurry and the lithium-hydroxide solution of 0.05 (a mol/1) washed, ((i) 
Sample) 

[0042] 6. The temperature up of the slurry 1 of covering / content above of a chromium 
compound (1) is carried out to 60 degrees C under stirring, blowing nitrogen 1 (a part for 
1./), and the lithium-hydroxide solution 0.273 (1) of 4.5 (a mol/1) is added, and after 
adding the chromium chloride solution 0.426 (1) of the concentration of 50 (g/1) over 1 
hour by Cr conversion subsequently, it was made to react for 5 hours. After the reaction, 
after cooling, it filtered, and it washed in the lithium-hydroxide solution of 0.05 (a mol/1), 
and the lithium manganese multiple-oxide precursor containing Cr was obtained. 
[0043] 7. After drying the lithium manganese multiple-oxide precursor containing the 
baking Cr of a dissimilar-metal element content lithium manganese multiple-oxide 
precursor at 1 10 degrees C for 12 hours, heating baking was carried out at 750 degrees C 
in air for 3 hours, and the lithium manganese multiple oxide was obtained. 
[0044] 8. 200g of lithium manganese multiple oxides after trituration baking of a 
dissimilar-metal element content lithium manganese multiple oxide was ground for 5 
minutes by the small fret mill (made in the Yoshida factory). [((A) Sample) Li/(Mn+Cr) 
=0.525, Cr/Mn=0.05] 

[0045] The dissimilar-metal element content lithium manganese multiple oxide was 
obtained by the same method as an example 1 except having set the addition of 
chromium chloride solution [ in / 5.500 mols and the 6th process / for the addition of the 
lithium-hydroxide monohydrate in the example 2 5th process ] to 0.639 (1). ((B) Sample) 



Let [Li/(Mn+Cr) =0.525, Cr/Mn=0.075], in addition Cr content lithium manganese 
multiple oxide before heating baking be Samples ii. 

[0046] It replaced with the chromium chloride solution in the example 3 6th process, and 
the dissimilar-metal element content lithium manganese multiple oxide was obtained by 
the same method as an example 1 except having added the iron-sulfate solution 0.457 (1) 
of the concentration of 50 (g/1.) by Fe conversion. [((C) Sample) Li/(Mn+Fe) =0.525, 
Fe/Mn=0.05] 

[0047] After adding 4.959 mols of lithium-hydroxide monohydrates to the acid obtained 
at the 5th process of the synthetic example 1 of an example 41. lithium manganese 
multiple-oxide precursor, and the slurry which made water distribute the manganic acid 
ghost (450g of Mn conversions) made to react and making it dissolve in it, water was 
added, and it was made 1 (1) and taught the glass reaction container. After carrying out 
the temperature up to 90 degrees C and making it react for 14 hours, having blown air 
into this slurry and stirring it by 2 (a part for 1./), temperature was cooled to 60 degrees C 
and the slurry containing a lithium manganese multiple-oxide precursor was obtained. 
[0048] 2. The temperature up of the slurry 1 of covering / content above of a chromium 
compound (1) is carried out to 60 degrees C under stirring, blowing nitrogen 1 (a part for 
1./), and the lithium-hydroxide solution 0.236 (1) and water 0.138 (1) of 4.5 (a mol/1) are 
added, and after adding the chromium chloride solution 0.426 (1) of the concentration of 
50 (g/1) over 1 hour by Cr conversion subsequently, it was made to react for 3 hours. 
After the reaction, after cooling, it filtered, and the lithium manganese multiple-oxide 
precursor which washes in the lithium-hydroxide solution of 0.05 (a mol/1), and contains 
Cr was obtained. 

[0049] 3. After carrying out heating baking of the lithium manganese multiple-oxide 
precursor containing the baking Cr of a dissimilar-metal element content lithium 
manganese multiple-oxide precursor like the 7th process of an example 1, 20g of samples 
was cracked by the agate mortar, and the lithium manganese multiple oxide containing 
the dissimilar-metal element of this invention was obtained. [((D) Sample) Li/(Mn+Cr) 
=0.54, Cr/Mn=0.05] 

[0050] The dissimilar-metal element content lithium manganese multiple oxide of this 
application was obtained like the example 4 except having set the addition of water to 
0.107 (1) in the example 5 2nd process, and having replaced with chromium chloride 
solution and having used 0.458 (1) for the iron-sulfate solution of the concentration of 50 
(g/1) by Fe conversion. [((E) Sample) Li/(Mn+Fe) =0.54, Fe/Mn=0.05] 
[0051] The addition of a lithium-hydroxide monohydrate was made into 5.063 mols in 
the example 6 1st process, The addition of lithium-hydroxide solution water was set to 
0.454 (1) in the 2nd process, The dissimilar-metal element content lithium manganese 
multiple oxide of this application was obtained like the example 4 except 0.823 (1) 
Having not added water and having replaced with chromium chloride solution and having 
used the iron-sulfate solution of the concentration of 50 (g/1) by Fe conversion. [((F) 
Sample) Li/(Mn+Fe) =0.53, Fe/Mn=0.09] 

[0052] The addition of a lithium-hydroxide monohydrate was made into 4.671 mols in 
the example 7 1st process, The addition of lithium-hydroxide solution was set [ having 
set the addition of water to 0.673 (1) in the 2nd process, ] to 0.0356 (1), And except having 
replaced with chromium chloride solution and having carried out 0.0915 (1) addition of 
the iron-sulfate solution of the concentration of 50 (g/1) by Fe conversion, it carried out 



like the example 4 and the dissimilar-metal element content lithium manganese multiple 
oxide was obtained. [((G) Sample) Li/(Mn+Fe) =0.535, Fe/Mn=0.01] 
[0053] The dissimilar-metal element content lithium manganese multiple oxide of this 
application was obtained like the example 4 except 0.483 (1) Having set the addition of 
water to 0.082 (1) in the example 8 2nd process, and having used the cobalt-sulfate 
solution of the concentration of 50 (g/1.) by Co conversion instead of chromium chloride 
solution. [((H) Sample) Li/(Mn+Co) =0.54, Co/Mn=0.05] 

[0054] The dissimilar-metal element content lithium manganese multiple oxide of this 
application was obtained like the example 4 except 0.199 (1) Having set the addition of 
water to 0.456 (1) in the example 9 2nd process, having set the addition of lithium- 
hydroxide solution to 0.145 (1), and having used the magnesium sulfate solution of the 
concentration of 50 (g/1) by Mg conversion instead of chromium chloride solution. [((I) 
Sample) Li/(Mn+Mg) =0.54, Mg/Mn=0.05] 

[0055] It dried in 1 10-degree-C 12 hours after it filtered the slurry containing the lithium 
manganese multiple-oxide precursor obtained at the 5th process of example of 
comparison 1 example 1 and the lithium-hydroxide solution 2 (1) of 0.1 (a mol/1) 
subsequently washed. The dry matter was ground by the small fret mill still after 750- 
degree-C 3 -hour baking [ heating ] and like the example 1 in air, and the manganic acid 
lithium was obtained. ((J) Sample) 

[0056] After a mortar may be used and mixing 40g of example of comparison 2 
manganese dioxide, 8.72g of lithium carbonates, and 1.79g of iron oxides, temporary 
quenching was carried out at 450 degrees C for 15 hours. After mixing with the mortar 
after cooling and calcinating at 800 more degrees C for 15 hours, it cracked by the agate 
mortar like the example 4, and the dissimilar-metal element content lithium manganese 
multiple oxide was obtained. [((K) Sample) Li/(Mn+Fe) =0.525, Fe/Mn=0.05] 
[0057] The specific surface area of the dissimilar-metal element content lithium 
manganese multiple oxide obtained in evaluation 1 examples 1-9 and the examples 1 and 
2 of comparison and a manganic acid lithium (sample A-K) was measured in the BET 
adsorption method using the specific-surface-area measuring device (monochrome SOBU 
: Yuasa Ionics make). 

[0058] The aquosity slurry of the dissimilar-metal element content lithium manganese 
multiple oxide obtained in evaluation 2 examples 1-9 and the examples 1 and 2 of 
comparison and a manganic acid lithium (sample A-K) was fully scattered by the 
ultrasonic wave, and after preparing so that the permeability by the laser beam may 
become 85**1%, mean-particle-diameter measurement was carried out on volume 
criteria using laser diffraction / dispersion formula particle-size-distribution measuring 
device (LA-90:Horiba make). 

[0059] the dissimilar-metal element content lithium manganese multiple oxide obtained 
in evaluation 3 examples 1-9 and the examples 1 and 2 of comparison, and a manganic 
acid lithium (sample A-K) - 50g was put into the measuring cylinder of 100 (ml), 
respectively, it tapped 100 times, and tap density was measured 

[0060] The specific surface area of sample A-K, a mean particle diameter, and tap density 
are shown in Table 1. It turns out that the lithium manganese multiple oxide containing 
Cr, Fe, Co, and Mg which were obtained by this invention has fine-particles physical 
properties equivalent to the manganic acid lithium which does not contain a metallic 
element of a different kind. 
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[0062] RICHIUMUNI at the time of making into a positive active material the dissimilar- 
metal element content lithium manganese multiple oxide and manganic acid lithium 
(sample A-K) which were obtained in evaluation 4 examples 1-9 and the examples 1 and 
2 of comparison — the charge-and-discharge property and cycle property of degree cell 
were evaluated The gestalt and measurement conditions of a cell are explained. 
[0063] The graphite powder as an electric conduction agent and the 
polytetrafluoroethylene resin as a binder were mixed with each above-mentioned sample 
by the weight ratio 70:24:6, and it kneaded together with the mortar, it cast in a circle 
with a diameter of 10mm, and considered as the shape of a pellet. The weight of a pellet 
was 40mg. The mesh with a diameter of 10mm made from titanium metal started 
circularly was laid on top of this pellet, and it pressed by 14.7MPa, and considered as the 
positive electrode. 

[0064] the inside of the glove box of -70 degrees C or less of dew-points after carrying 
out the vacuum drying of this positive electrode for 120-degree-C 4 hours - **** - it 
included in the cell [-izing / the cell ] for coin type evaluation The quality of the material 
used the thing with an outer diameter [ of 20mm ], and a height of 1 .6mm for the cell for 
evaluation by the product made from stainless steel (SUS316). The thing with a diameter 
of 14mm fabricated circularly was used for the negative electrode for the metal lithium 
with a thickness of 0.5mm. The mixed solution (it mixes to 1 :2 by the volume ratio) of 
the ethylene carbonate which dissolved LiPF6 as nonaqueous electrolyte by the 
concentration which becomes in 1. and one mol /, and dimethyl carbonate was used. 
[0065] The positive electrode was put on the lower can of the cell for evaluation, placed 
the porous polypropylene film as a separator on it, and trickled seven drops of 
nonaqueous electrolyte with the dropper from on the. Furthermore, the negative electrode 
was carried on it, the up can which the gasket made from polypropylene attached was 
put, and the periphery marginal part was sealed in total. In addition, in order to adjust 



thickness, the nonwoven fabric made from polypropylene hydrophilicity-ization- 
processed to the upper and lower sides of a separator if needed was placed. 
[0066] The produced cell for coin type evaluation was set to the cell electrode holder of 
exclusive use, and the cell property was measured where a 5kg load is applied. 
Measurement of charge-and-discharge capacity set the voltage range as 3.5V from 4.3V, 
set the charge and discharge current as 0.84mA (about 3 cycles / day), and it carried out 
by the constant current. The numeric value measured in the 2nd cycle at 25 degrees C 
was made into the initial charge-and-discharge property. Measurement of a cycle 
property was performed at 25 degrees C and 50 degrees C, and it expressed with each 
capacity maintenance-factor % {(30th service capacity / 5th service capacity )xl00}. 
[0067] The initial charge-and-discharge property of sample A-K and a cycle property are 
shown in Table 2. Moreover, the charge-and-discharge property of Samples B and J is 
shown in drawing 1 and 2. The lithium manganese multiple oxide containing Cr, Fe, Co, 
and Mg which were obtained by this invention is equivalent to the conventional 
manganic acid lithium with which an initial charge-and-discharge property does not 
contain a metallic element of a different kind, and it turns out that the cycle property 
under an elevated temperature is especially excellent. 
[0068] 

[Table 2] 
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[0069] Powder X-ray diffraction analysis was performed about the lithium manganese 
multiple-oxide precursor obtained in the evaluation 5 example, Cr content lithium 
manganese multiple-oxide precursor before heating baking, Cr content lithium 
manganese multiple oxide, and the manganic acid lithium (samples i, ii, A, B, and J). In 
addition, CuKalphal line was used as an X line source. About Samples A, B, and J, the 
spacing d of indices-of-crystal-plane (hkl) = (311), (222), (400), (331), (333), (440), and 
a field (531) was searched for from the diffraction peak angle, and the lattice constant a 
was computed as the average using the lower formula, respectively. A result is shown in 



Table 3. The lattice constant of Samples A and B is smaller than Sample J, and since the 
lattice constant is small from the sample A with few contents, as for the sample B with 
many contents of Cr, it turns out that Cr is dissolving uniformly. 

a=d (h2+k2+12), 1/2 [0070] The X diffraction chart of Samples i, ii, B, and J is shown in 
drawing 3 -6, respectively. Although Sample i is a diffraction pattern similar to Mn 304, 
separation of a 18-19-degree peak is accepted. An angle-of-elevation side is a peak 
resulting from a resultant with Li, and it turns out that the precursor is generating. It is 
conjectured that the reaction is progressing in the stage which put Cr on the precursor that 
the peak intensity by the side of a further 18-19-degree angle of elevation increases from 
Sample i to Sample ii, and the peak intensity 32.5 degrees and near 44.5 degree also 
increases etc. Only the peak which can belong to the spinel type of the pattern as LiMn 
204 with the same diffraction pattern of Samples A and B is observed. Therefore, it turns 
out that Cr in the crystal structure dissolves uniformly and Sample B has a single phase. 
[0071] 







<nm) 


Sttfffi 


A 


0.8232 


mmmz 


B 


0.8224 


JttMl 


J 


0.8240 



[0072] 

[Effect of the Invention] this invention is the method of manufacturing the outstanding 
dissimilar-metal element content lithium manganese multiple oxide of the crystallinity 
which is made containing at least one sort of metalization elements chosen from the 
group which becomes a lithium manganese multiple-oxide precursor from Fe, Cr, Co, 
nickel, aluminum, Mg, calcium, Zn, V, Nb, Mo, Ti, Zr, Ga, and In, is this thing [ carrying 
out heating baking ], and contains the above-mentioned metallic element uniformly. 
Especially the lithium cell using the dissimilar-metal element content lithium manganese 
multiple oxide obtained by this invention as a positive active material is excellent in 
ordinary temperature and the cycle property in an elevated temperature. 
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[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the charge-and-discharge property of Sample B. 
[Drawing 2] Drawing 2 is the charge-and-discharge property of Sample J. 
[Drawing 3] Drawing 3 is the X diffraction chart of Sample i. 
[Drawing 4] Drawing 4 is the X diffraction chart of Sample ii. 
[Drawing 5] Drawing 5 is the X diffraction chart of Sample B. 
[Drawing 6] Drawing 6 is the X diffraction chart of Sample J. 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 6] 
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ks»*is. ( 3 > Foff 

iscj: o*t*L*£ ztmb?mim2itM3 
comm. 

[11*3110] Fe, Cr, Co, Ni, Al, Mg, 
Ca, Zn. V, Nb, Mo, Ti, Zr, Ga&VI 
nHptthm>i>Witi&&k< b h 1 m^lKiMi 
Mbltim. /S^JtM/MnT'SSLT. HH^StcS* 

84-co. oi~o. 4&t?tbz.bzmkb+im 

[if*^ 1 1 ] 0 . i~5o ju m wF^s^gs^rti 
ifc^^sit-tsi»*«i onmom&mTimttv 

imx 1 2 1 is^js 1 immm^mym^ y 

s-fiNat-rsy^Aigjfi. 

[000 1] 

• ^ytfym>mmmm>&. m^commu 
mxfthtihmm&wiTmtt y j-vj* ■ -?y#y®-£ 

[0002] 

imtemm 'j^AxnmmimmEx\ mm? 
4?)umi,zffi\. floiga, >mx'bitzit>, s^s 

««>^T^i. >I<7)J:3^yf->AZ<xm?ffii: UT3 
^> h ^ ^{4- -y k y ^-^A b Ofltelftftft* xs 

[0003] ty/fyb vf7J*b <nm;mmx'h % 
tt&KL i Mn 2 o 4 %b*x-mti&AV*jm<?ym& 
Wfc*?ith-?ytfy&)**>Mi.. 4vs<7>y^-^ 
-dmm^sM^mb ix^mx-h 0 . ttzomk* 
h •7yijyifi ; mx'^mmz9MX'h b <r>x- , h 

[0004] we«Hfci ! «T«$*i6'7 y^y^y +*j 

^y^^A€?fili 1 4 8mAh/gc7)a|&§lSrW-f 



!(3) 002-338246 (P2002-33e58 



x.mz5 o-cuinm&TX'CDvt ?>vw&t>m< . 

[ooo5] •) . fb^atfrffliau *) 

< *4 j: o \z~?ytfvmm±. v f-v&fc&mzMG. 

m&ixw ffrm&ft&^ziim&tobixx^h. 

[0006] ^a^JRTC^^vy^'yK'J^-^AOJS 
7-3436 8^f8(Cttvy^y»fl3ft. 'J f- 

v&it&itoms%3f8.ftt ix 2m&wi3mco&ffii 

•C^i. L*U i<0*ifet>aj»IMIH±^RJ6tt36«]i 
[0007] 0-11661 5^4Mlfctt. V 

y#ym+vj>tzmH&teem*tk$m. i sot; 

[0008] 

s-wj^a • v>tf>m&wHm*xm/i* mmz 

[0009] :MOT6UIUPH%tttafc|gft. Uf- 

[0010] "f$r*>t>*$HHli. F e • c r « c ° - N 
i. Al, Mg. Ca, Zn s V, Nb, Mo.Ti, 



Zr, GaRt^I n*>4,=3rSgp*^Stf<l4^< 1 1 
l8w£«7HR£*£3-frfcy • 7y*'y^B 

>-#yJS£SKb!ii£ffl vvc£& y f-*A««(clJW-S. 
[00 11] 

imsmtrmm *»»rii. 5tfFe, cr,c 

o, N i . Al, Mg, Ca, Zn, V, Nb, Mo, 
T i . Z r , Ga&tf I n*6&*fgft>6»»i64*9r 

D ^M\L-^<r>m^X'\tts:< , vytfyKflSft 

^f B iijs+{c y *>T6qx oa* fifc t>f)T* 

iooi2] znxd zmm&mTmttv i-vj* ■ -? 
ytfy&Gfflmtm#z-&i&t&i l zii, -?y#>wt 

i mt y ^Mt-^mt **airoaawrcRes*, 

mftnmtzm&gKmt'&Mt&fozm ixhx 

S*££tHb£»£&«1-|>&i'LT£#$tf£f£, 'J 

^Mt^mt *%y<r>mm*x'%.mzitx t a 
hiz. v^j, ■ ^y^ym^tmm^^mytm 
*'*Mt£®}b!&m*x'Rfcmt, &a4*>*mm 

+fc»0a**TfcJ:<, SBttfc^dWfcieic 
£JS^£#tHb£ft£&&4Hc^$tfT£fcS-£, 

[0013] vytfymt®. mtR&2ikfc-?y#y 
Mmw-?y#ym*e>%zmfre>mKtiZ'J?%< b 

<i6 0~l OO'C, #£L<(i7 0~10 0 , C?J>!>. 

Btffi«»^fflv\ S&fn*38SET. ttzltMEETX-m. 
Z 1 0 O'CtLh, ft£ L< «i2 0 O'CJilT, $ ^>lc»i 
L<{il8 0rUTT'7kf?W!S$rff-pTtJ:o o ST^ 

wm. **/y. mtit*.m*. '<)\>**vzjm&%b' 

WMimtmLX^iUi. $ETX'Z<7)R&£ft^X 

t>lzmts<r>XHt £ l\\ 
[0014] *56WCfflV^6 V+VMt&tob UT«i, 
*Hftyf-^A. W»'Jf">A. RKtK 

ix4A<, +T-fc*IWI:'Jf">^J:^«r«ISttfl:^IW« 
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too i si &t%.mzitt^yti>mm. tutu 

2 Mn0 4 J ?>H 2 Mn0 3 (W7Vtf>&) IclZWV 

[ooi6] -zytfymwitmzitmb ixim 
wio. 05~i omfct-t&ntfmtK. eos® 

mg.hi&TLZL£5<7)Z\ xmWZ'ZW 4fc. Kig 
g*<Sv^i-7>-^>^bM^t^<^l»^TlS ; 4 L 

[0017] •?y/fy&it®£tiimt%J£iSit&'?y 
ifyfflmtirii. EltffcEvytfy, Z&ftvytf 
y. EMMfcZvytfy. -®fc-?ytfy%k't:m^Z 

t A { T# , ymit-7 y #y*?&*.mt~? y#y zmt i 

XZ1itovytf>mni*ir&LXt>£\,\ 4fc, ? 

y#ymiW><?)&ikffiki>Av*>u3i. >v^>m. mt 
x^y^Am^^m\,zwmt^\ l*»u mbt 

h »+VJ» • ^ytfy^WMtxz*)VW£%Mb 

tz&immttLx^tuf. mmmt ixwm& 

tffitix^&o? . v ytfyfflmbx e*/Hio i> ^ 
£fflv^o*W4U\ Z<?)£o%~?ytfymffl»bl 
XWBM=vy#ytmr!>til. 
[0018] sWMIfcfcVYCtt, ^y^yittt LT 
vy#yft£tth£att<fc£ftJ: **<rif<o«»(fTR 

tzmzm^Kvtf, m-m%mtft%#m-'X'bh<r) 

Xtt£mii\ 3£>fc, ZwytfyWkMZi'-Y 

y, %it-?ytfy. mt?>*fy, wm-r>x>. im 
■?y#y%b'tf. tt«ttfc^fcLTtt*IWM-hy'> 
a, *»fb& *^b'Jf-^A, ry*-7tf 

A. 7y : Z-T*%b'<7)t:m^hZbt> { X'Z&. 
[0019] ±ieo^rffiT"?y^y*K^, 
IWkflj4«:ttvy^yBHk1*i/-H*^jS'tiB. 4fc 



All^£*tMfc6**#fc;S*T. RES*, vy# 

■ vyfiy®%mvmmm'&h 
yifymtoZis- h fc u cfifcHia^arcfKH* 

]JUJ*^:*iS-Wlfe*i* AWE****S fcvytf 

[0020] MfSLfcvytfylMt^y- Hfc LT« 

fc-^fciggttfl^fc £&«tt'-t*RJS3-£T'?y#y 
*Mfl5ft£**Jliltf>lS, m-?y#y7mmi:fflk 

z-£x-?ytfy®mzs-]tm&m2<Dxm. isvy 
tfyiKb^-KofffcTT-, vy^y-ft^^tffiStt 

it-M/nt mm*x-%.mv%tfL>mitZitx-?ytfy 
mm ~>- v m?&%z # *» 3 «>is(c j: o w 5 ; 

ft* i^- H < **S * i i: #T'# S OT'^fiJT 
$>S. ^te^g*«^#v^vy^yK{fcfe$-#5Wi, 
aw+«&fcj^+fc«*t* v y ^y >r 3r ycvm.% 

5-6 0 (g/l ) . n&Kiil 0-4 0 (g/1 ) 
[002 1 ] £K7W**trfc^**ff3tf«*£fc: 

Fe. Cr, Co, Ni, Al, Mg, Ca, Zn, 
V. Nb. Mo, Ti . Zr, Ga&tH n*»4>^r|>P 
*»4>Wf*l*^< t, 1 S^gTC^^-i-^k^Ii: 

+t@>SS-t*\ Z<r)A ; iV-*X'±il<7)±m<r)&b. « 

x'=3r<, z<r>m®x'&mm<o-m i w.ttm<?>ftmz 
5X0^4^, mmoMX'ff)w.m.^±.^h<r)X' 

[0022] mm. fc&x? u-+"c«at»i*ff a 

tc{4, ^S7C^S-^^) , §1tO{t^J4^{4-?-^*j§ 
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mim. ttci^mm^t'coms^mmist ix 
v-jmmws.i. o. 001-2. 

0 (*>V/\ ) , »^L<«0. 0 1-1. o 

1 ) Cl. &mfc-&® : $:malT%.&Z-&2>Zttfm& 
U\ KJfciSSfc LTIi2 5-9 5'C, #2L<ti25 
-7 5°CX'$>h. 

[0023] &mi\L-£mb i-cii, ztibo&mcDtfm 
mw&. mm&. mm. mm. mm. 

ryt-wt-smimmizftM. w&ixmi* 

vtfuf. ffi&£Mmcovf;j>. ■ -?ytfyw.-smimnz 
mix^mntm^wT-ftt lw 

[0024] UltO <t o iz lX®t>ixt: MIE^^^ 

fr$mmmixmm&m7tmttvi-'7J> ■ 
m^mmmmti. *%*nxiivnA ■ -?y#y 

<, tofmfcizxo&mymtfvytfy'txytMZO 
*y tmm tx^mzwimfo* tan mttih 

m^ y )xts:<. imw%&x'hr>xi>&m7mt:~?y 

#y® 'J I±<F>&^ZWl%^th Z fc *<T'# & . flD 

{Lmtmn^&mmiz&tx . mmmtzm^t 
xtxw 

[0025] mma&t iximm&jg.imttv 
1-12, ■ vyijymmtmmvnm.. as, m 

8tfa4 0 0-CliUL ff*L< 115 0 0X^1]:?, 
^SrK<'/cWc:8 5 0 t Ct i lTTlT9<7)* i if*L<. 5 
0 0°CtLh8 0 0-COTt-rSO*J$4>tiF^ U\ ffi 

[0026] **H|!<0*ffi-C»^*i6S»*«7aR*W 
'J^A • vytfyfc&KfcWj. H&sa i , + x M 
y Mn 2 _ , _ y o 4 -c«Sftftfl:^ni-c»or. #i» 

Ox, y?)(I# ( 1 +x) / ( 2-x-y ) X'^lX 

0.3-1.5 co&mmz i^MLmb o . mz-m 

LiMn 2 0 4 J ? 1 , L i 4/ 3 Mn 5 , 3 0 4 SrifT'f? 



f->/« • y#yig£iHtt$5i: v ytiymmnm&to 
X'&iXt>JH\ 

1 0 0 2 7 ] 4fc. WJJKJ: l 3*#*>itl>fia&&7c£ 
•t-WJf-^A • vytfy^-g-K-fLWi, Fe, Cr. c 

o, Ni, Al. Mg. Ca. Zn, V, Nb. Mo, 
Ti. Zr, Ga&tfl nA^SPa^gSfeffti.^* 
<ii lS<7)&JK7cS?£-£tf. frasOipfc. CDft^tfO 

wimfttcr>&.m&#&tix^&(7)x\ wmtfitmiz 

< X h&m7iMcr>*.8ffitf~?y#ym +*?J*oteSft 

&u>%}-x'&h<7)x\ ztizm^K *) **?j*wtat$m 

[0028] *<0*«ttUia<0 AWaR* M t Lfe 
B*. M/MniS^JtT^LT. MS^JS^^MT'O. 0 
1-0. 4#^-T5. iOKHJ: "3&IBaR«)*WS** 

3. 5-4. 5VgJg(7), l«|,4Va(7)'JfWl 

TO. 0 2 5-0. 1 5T'i>l»<7)* i #tL<, 3Eftmm 
5 Vfr^cT) 5 VSfi0^{i^JS7C^^Wfi* { M/M 
nffFitC«l/C0. 1-0. 4t*W»4U>. 
[0029] HRWfc: . 3tft«^li 0 jg-f U 

v^*xh.Tv%4. -vyfiymm-vummmt 

y^yKu^^Aji 3 «t 4 fi^isifi^ros. 
3fti<?5vy^'y(i*3fc-\'-y ■ f7-Mt"fimw 

X'hht^hiXX^h. 

[0030] M&&mfc^im&*iTttm&\izo\\ 
x&&-rn>fmxu%\,w, mm<o&mt%m<o& 

ttitzmicou^A ■ lytfyw&mmx'um&tr) 

•frSfc, 3«<7)-7y#yfcgJ|aLT*<0£Wft£ffiT£ 
[0031]$ *JHBt J: flaWi* JWfcWE 
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^^h(r>x\ tinmj$.iz£*)mz j £x®.?$.%z 

*y£.mmzmmtt&mmmbti%\\ zzx- 
coo32] mz*wm±m?>mm&mjtmtt y * 

b. 2-3. 5VgS<7)ma^T^Km*^ : 5:3V 

*ft#3. 5-4. 5VgarC*ft4V8L 
£5Vffiflre&6 5V^I®^®# { #^i'U «t»"Cfc 
4V8kcot,Wt*fflT'S>S. 
[0033] 'J f-^-MKfcJBIEBHi. 3 ySSffiffli: 

tt*e. rtfi/^??;*, #-*y. yyyrA 
hmKb'nmmwa*. momy v^n^ym 
Ht-^. +r'j t - g r y 7/m- y a mm* bnt&mm 
ma. mi, tfLmixmzbtfxzz. s*ic. n 
fss. s>h^tnmwmbth^zit. *»5!*>y 

JMcN-jt^-A'toy Ky&fc'<0ti1&g8<Ji>SS!)nU fl 
[0034] 'J ^Am?ffi?>®i?f8Ct±, «SWI#Wfc 

mmmmz. v**7M*yzmte&zi><r>zm 
thzbwx-th. mmmt&bixit. rneuy 



XZ&. o^y^tymbK&mmzit. &t&mwiv 

y T o y 7 -f y x^- y y < iv& 
tK b LX^MZtiZ . 

[00353 ^i&vmmb IXlt. y hftViEmb 
JUMfflC-fe^U-* £fi£ . * y 7-d fl/ ysiotf* 

lXi&<?>WM(om@.£ 3 y h o-^-t^, i t iz X 0 s «• 
[0036] SS^JR7C«**y **?J» ■ -?ytfy®£ 

mmwiEmifib LTottffico^xn. n^t&s 

co^b*^ *W-f ^ /HWtiOftSSfJBrf h Z b tfX' 
[0037] 

imm MTbz*m<ommz*ttf. *maz 
ti^nmkmizmfezti&itnx'm^. 

l. vy^fy*»fl5ft(^« 

8. 37 (=tfv/\ ) nAmctyyvmmi. 30 

5 ( 1 ) *0. 883(1) £Xf yL-xMcORlG 

&a^=3r**fe. ISSvy^fy (MnS0 4 i:LT88. 
0 6%#W) 1. 87 3kg?r7. 5 0 0 k g 

MUz®mzmnitctft > %&izmni7 onx-^wi 
*m&r>mmzm?t hiyfiyj* y<?>& 

JS(i3 0 (g/1 ) X'&->1z. 

[00 38] 2. -7y^y^bft>—HO-&€ 

2^5:5 (1/^-) TiK*a*7 0X^)a«TMfl:L. 
P H*«6. 4t*ofcl*jjS[TlWt«r»7S*, "?yxry 

[00 39] 3. 7y#yMi-/-^S 
±i2co-7y^yK«v- H**tfjSRR& 7 0-Ctcft 
*>, fiSK^y^y (MnS0 4 tLt88. 06%-& 
^) 5. 6 18kg£*2 1. 28kglC^Uc*?§ 
JR^^IO tfcft, «#TT-2Sv/M«= 1 / 1 nm&ti 
( \/ J ft) TUX^a^*^, 8. 3 7 (tA'/ 



!(7) 002-338246 <P2 00 2-3 3e58 



1 ) M/?A 9. 1 3 3 ( 1 ) £64B$0*> 

pH**8. Ofc&o£l$£Tl&ggJS£:*S 

Tt, ?mLx-?ytfymmz®K. 

[0040] 4. -zytfyWumbBLbORm 

ivtfymm ( m nii2 4 o o g ) 

KXyO-ZXry U*«RJ6»»fctt&* 6 0 -C C# 
SUc. (t/k/i ) <7>KI?6. 9 

9(1) *lB9ffljWtT»ffL*#&JR»U *<0»2 

[004 11 5. y ^>A • vytfy^SHMISft: 

RfcKBS-frJtvy^iMklfctMnfMtsOOg) £ 

7 3*7U£ganLTJ§JB$-££f&. *^JDi.T 1.11 
1(1) fcL#?*«RJEg»fctt»X,*f. -£.%Z2 

( i/#) X'z<r)xyv-izy:$&^ m$i%tft>9 

0*CtC#fflLT 1 OBSISJRJEStfJtfc* iSJ££ 6 0'C2 

■c&au y**A • -?yiiyn.^mmimm^Ks 

AyV-mti. ifEX^y-SrtfBL tF$L. 0. 0 
5 (tA'/l ) 0*UMtyf->AjKSra^Lfctt, S£ 
*U:. (ISRi ) 

[0 04 2] 6. ?nAft£ft<o#»-*:Gr 
m<r>Z7V-\ ( 1 ) £«»TTSBR*1 ( l/fr) 
T'^a^* { ^6 0"CtC#fflt. 4. 5 

«*i«fcy?-?A*S»o. 273 (1) saanu, <x 
wCC r $gT'5 0 ( g / 1 ) crym&omkfzu**.® 

m. 4 26 < i ) ^mwttauct, 5i$ra 

RlBStffc. #£llXi)>t>iF&L. 0. 0 5 

■ *y#y&im:mmm® 
[ o o 4 3 ] 7 . sa^see*** u *-?a • 7y#y 

c r £££-f & 'J f-»7A • vy#yWAWtttmam* 
1 1 o'ct-i 2«ria»ais*fctt. 2m«f-c-7 seer 
sisraMdML-cy^A • ^ytfym&mmm 

[ 0 0 4 4 ] 8 . m^M7cK^« 'J • -?y#y 

S&fc&O y . vytfyms&m 2 0 0 g £/J>S 

$A) [Li/(Mn + Cr) =0. 525. Cr/M 
n=0. 05] 
[004 5] £MW2 

5. 5 0 0*;K 860lSKfclt!>JSfc?a.M<}§?a 

<oaan*to. 6 39 d) tucJ^MiHifiWitPi 



ft.®*®*:. (K&B) [Li/ (Mn+Cr) =0. 
5 2 5. Cr/Mn = 0. 0 7 5 ] JH^ffifiJcfirOC 
r-Mry • -rvtfylJtelMUMrttB i i fct 
*. 

[004 6] 9mM3 

m60)xmiz&m>&<t?v&*mmzKx.x . Fern 

ST5 0 ( g/ 1 ) <9iftKtf)i&I?&*i§?&0 .457 

( i ) ^auDUdawiHifim fcHtt^arjw* 

$0 [Li / (Mn + Fe ) = 0. 525. Fe/M 
n = 0. 05] 
[0047] £H0!4 

1 . 'Jf-^A • "7yXf>1t*lMtWIWBftO*J« 

mtn i <r>w, 5 coxmxi^ mix® t rjcs *t 

vUKISHa ( M n«|g4 5 0 g ) »J 
-t. *8<ft'J?-*A-*lB4. 9 5 9*/U£jSflaL-t 
SHS-frfcfc. *£ln*.Tl ( 1 ) fcL^5^«RJBS 
»(cft&X,fc*. £j*£2 ( 1/ft) ?£*>*?y-WR 

ifL^ii 9 oxx#slt 1 4i$hrje£ 

[00483 2. ;oA»«f-M 
±E*>X5U-1 ( 1 ) £«ffTYS*£l ( l/#) 
"CK* aafctft 6 0 U 4. 5 (*^/l) 

0)yWMkO*VJ*3mmo. 236 ( 1 ) fc*0. 13 
8(1) *aailL, ftWTC r»*?5 0 ( g/ 1 ) O 
«at<0fiffc^oA*»«0 . 4 2 6 ( 1 ) £ 1 BflajWt 

TaanLfca. 3»siaR*Bs*t. rasa. &9i-ca> 

t.ri&L. 0.0 5 ) O^kBMfc'Jf-^*^ 

mxmfttxc r y^A ■ -?y/fwtm 
[0049] 3 . ss^S7cS**yf-7A • -?y#y 
c r tiiirth uf-^A • ?>xr>iKdiMkwnKMc« 

2 0 g £!HS?U*:-ti?# L . 4ft9i«>a«&Sl7cX** 

[Li/ (Mn + Cr) =0. 54, Cr/Mn = 0. 
05] 

[0050] mm5 

^2<0IgtfcV^*^JP45r0. 107 ( 1 ) kl 
(g/1 ) C0i6S<oeiia^S«S:0. 458 ( 1 ) * 

Ttm-kG y a • ■? yifym>mmmtz . ( 

E) [Li/(Mn + Fe)=0. 54. Fe/M n = 
0. 05] 

[005 1 ] Xft<*|6 

^ i ois^fev^T^e-fby A-*g^»fi$- 

5. 0 6 3*rt"fcU:.rfc. ^2<7)Ig(C*5^T7Ki!ft 
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o^^mm.^mmio. 454 ( 1 > tttzz 

fur Femnxso < %/ 1 ) <r>m&coim&fc®m 
*o. 823(1 > m^zbw\-&£mm4kmmz 

BflSftfcfcfc. (K8F) [Li/(Mn + Fe) = 
0. 53, Fe/Mn = 0. 09] 
[00 5 23 SgSfiflai7 

w, i oxniz&^xymiVJ ^^-^^mmi 
4. 67 wvt VtzZt. w, 2 (vxniz&^xfccom 

M£0. 67 3 ( 1 ) tLtzZt. TKK^'Jf-^A* 

mm^mmi o . 0356 ( 1 ) t itzz t . 

ft?oA*j§7aiCfU-C F egytT'5 0 ( g/ 1 ) <D« 

mnmmfcmmzo. 0915 ( 1 ) ^nut^m 
-lytfymummimz. {wmo) [Li/(Mn 

+ Fe)=0. 535. Fe/Mn = 0. 01] 

[0053] mms 

^2c7)IgtwfcV^T*^llD»Sr 0 . 0 8 2 ( 1 ) 1 1 
0 (g/1 ) c^g£<7)ffiipA;Ph*?§&£0. 4 83 

( i ) mvzzkwmmi&m4kmmizix. *fs<o 

tz. (t$®H) [Li/(Mn + Co) =0. 54, C 
o/Mn = 0. 05] 
[00 54] HMM9 

3fS20IgK:mvC*<oa$DM£0 . 4 5 6 ( 1 ) tl 
tzZb. AiMiVJ ^^mcomaa.i: 0.145 
( 1 ) tltzZb. &tfJBtt?oA*^$OfU>9(::M 

smnx-5o (g/i ) <?)i8JSw®ffi?"7^x^A^ 
mo. 199 ( i ) m\,vzzbWte9mm4kmm 

(Kfil) [Li/(Mn+Mg) = 
0.5 4. Mg/Mn = 0. 0 5] 

[0055] mmi 

mmmi<r>m5<r>xnx'%^titz'j^^ ■ -?y#y& 

£flHHWWB*£*&.X5 f L . fcvvco . 1 

) 0*«ft'Jf->^J8«2 ( 1 ) TifcftU: 

a. 1 1 on 2^ra-c«a»Lfc. timnmuzsss, 



7 5 0 «C 3 BMaOafRdSbfitt. ^JfeW 1 |I]8£>M! 

(ISBJ) 

[00 56] itm\2 

ZK^y^Og.^'Jf^AS. 72g&tfi8 
fl« 1 . 7 9 g £SJ£"CJ: < ig£ Lfcfc, 4 5 O'CC 1 
5 tifflEtit Lfc . fcflaSJfrCil^ L . mz 8 0 O'CT' 

fife. (ISm) [L i/ (Mn+Fe ) =0. 52 
5. Fe/Mn = 0. 05] 

[ o o 5 7 ] mm 1 

gftffl i - 9 . mm u 2 tit ^furna&jgTcini- 

XM&ltz. 
[0 0 58] tMS2 

n&M 1 ~ 9 . M 1 . 2 T* fcflfc JMteWHte 
A (tSWA~K) 0)*&X7V-&+jHZtg.%%im. 

u u—f-mz£&Tmmtf8 5±i%i,z%z£o( l z 
( la- 9 o : wMifmH> zm^tmrnrnx-y-m 
[0059] mm 3 

mmm 1 ~ 9 . jtusm 1 , 2 m muGcs* 

A (WRA~K ) **vetl5 0 g £ 1 0 0 (ml)^ 
X^yy^-dAft, 10 0®?"/Vy/LX?~v?® 
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S 1 0 mm<OPB»KHW0a LfcfcBf-* >**>.X •/ 
fcfiia-^tf. 14. 7 MP a"C7*kX LTIEtSi L 

[0064] i^jEff* 1 2 0'C4B$li]K2S£*£Uc 

a. Hj±(-7o-cwTcoi/o-7'^-^x4''c\ ffmb 

It. WmZ-TVVX (SUS3 1 6) MX\ ?MI2 0 
mm, S$ 1 . 6mra«{,0^*. ftSWilf^ 
0. 5mmWAIiyf->>A*lIgl4mm«>R»fc:jR» 

/Vt&i>i8J£T'L i PF6S:j§»L^xf-uy^-^ 
- h fc x> +)V* h C0fi£®i8 ( mitx- 1 : 
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A^y h<0OV>fc±«te**^WI»»**W>T» 

[0066] f£3S Ltz 3 4 y2ff«?H:/l* , 
flMvl^-lC-te -y h L . 5 k g^JSM* WtfcttJBTH 

Lfc. fttt«gft«>»gtt. «EfSB?r 
4. 3V*>4>3. 5VK, *afc1M«fe0. 84mA 
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^•Cti&tX&mftmfi'it:. =5r*S. X&jgiiLT 
tt. CuKalH^ffl^Jt. KfiA. B, JfcOUT 
ti, ffltllS (hk 1 ) = (3 1 1 ) . (222) . (4 

00) . (33 1), (333) , (440) . (53 

1 ) mamma ^mf-img* o#*>, *ti?ti 

$<fro?fc9. ifcCr(04tftf)^«fiBli4t 
*<%J>$r k «H A Ji 0 1 ISTJQW 1 * 3 < *r -> T n 4 £ 

a = d • (h2 +k2 + 12)1/2 

[00 7 0] mm . i i . B, J<9Xi»H"\>-l- 

^-eix-m03~6(c^-r. tmittMn 3 o 4 nam 

LJtlil^^-ye*^^ 1 8-1 9' TOtf-^<0 
#fii#§2#>4>iil>. KSWiL i t(7>BL&&&mzm® 

*. K»i ifcttWRi A"3«ffefcl8-1 9' <r)ftft 
ffl^e-^aUfc^liJPU. 3 2. 5' . 44. 5* ftifi 

BtffA^-yti, L i Mn 2 0 4 bfflt'W-XDAV 
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[0072] 

MTlBttfcFe, Cr, Co, Ni, Al, Mg, C 
a, Zn, V, Nb, Mo, Ti, Zr, Ga&tfln 

[HI ] HU4K»B<0*ttW*tt-Cft*. 
[H2] H2J4RSJ<03tBW»tt'C**. 
[H31 H3J4Kfli^)X|»ISHlff-*-bT**. 
[H4 3 H4(iK&i i ^>X»E|Jfff-v- hT'S>&. 
[05] H5l4KlHBOXIil!Wff-*-hT**. 
[06] H6liK8J«)X«0ifr**--hra*. 
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